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; ented the rotary die process Prior to this in- 
rcon, soft gelatin capsules were not looked on 
oiaoly by ^ pharmaceutical Industry, owing 
jwiw*^ large ^^nt of the capsulated 
5 to 20%) lost during manufacture, 
to: the variation in the net content of the 
jPostfWy 20 to- 40%). The rotary die 
sess reduced manufac curing losses to a negli- 
e figure and content variation to less than 
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±3% The Scherer machine cannot be pur- 
chased or leased, but the Scherer organization 
provides plant and laboratory facilities for the 
manufacture of this dosage form in the United 
States and nine foreign locations. 

The early success of the rotary die process led 
others to develop continuous methods of soft 
gelatin capsule manufeexure. One such method, 
known as the riExfyrocatmg die process, was an- 
nounced in 1949 and was developed by the 
Norton Company, Worchester, MA. Another 
continuous process, also announced in 1949 
was developed by the Lederle Laboratories Divi- 
sion of the American Cyanamid Company and 
has been used solely in the manufacture of that 
company's products. This equipment, known as 
the Accogel machine, is unique in that it is the 
only equipment that accurately fills powdered 
dry solids into soft gelatin capsules. 

A discussion of the comparative advantages 
and disadvantages of the foregoing four proc- 
esses—place, rotary die, reciprocating die, and 
Accogel machine — is beyond the scope of this 
chapter and would have little instructive value 
since the pharmaceutical chemist seldom has " 
the opportunity to choose between the four types 
of equipment One must consider, however, that 
for maximum production efficiency, the contin- 
uous processes demand almost 24 hours per 
day, 5 (preferably 7) days.per week, of continu- - 
ous operation. Thus, medicament formulations 
must be so designed as to maintain their desired 
physical characteristics during this period of 
operation as weU as during periods of weekend 
shutdowns, should they occur. The production 
capacity of each of these machines is deter- 
mined by (1) die sfee T which determines the 
number of die pockets on the standard-sized die 
plate, rotary die, or reciprocating die; (2) the 
speed of the machine (of the operators for the 
plate process); and (3) the physical characteris- 
tics of the material to be capsulated. Formula^ 
tions are designed to achieve maximum produc- 
tion capacity consistent with maximum physical 
and ingredient stability and therapeutic effi cacy 
All of the aforementioned equipment is lim- 
ited to the production of gelatin capsules. Other 
films and film-forming polymers have not as yet 
been successfully adapted for use on these ma- 
chines. An interesting review of the patent liter- 

pSshed V ^ Cing ° aPSUle technology * has been 

The Nature of the Capsule Shell 

The capsule shell is basically composed of gel- 
atin, a plasticizer. and water; it may contain ad- 
ditional ingredients such as preservatives, colar- 
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ing and opacifying agents, flavorings, sugSEi, 
-acids, and medicaments to achieve desired ef-~ 
feces. 

Gelatin's chemical, physical, and physiologi- 
cal properties make it an ideal substance for the 
capsulation of pharmaceutical products. 3 " 6 The 
gelatin is USP grade with additional specifica- 
tions required by the capsule manufacturer. The 
additional specifications concern the Bloom 
strength, viscosity, and iron content of the gela- 
tins used. 

Hie Bloom or gel strength offceJatin is a mea- 
sure of the cohesive strength of the cross-linking 
that occurs between gelatin molecules and is 
proportional to the molecular weight of the gela- 
tin. Bloom is determinedly measuring the 
weight in grams required to move a plastic 
plunger that is 0.5 inches in diameter 4 mm into 
a 6%% gelatin gel that has been held at 10°C for 
17 hours. Bloom may vary with the require- 
ments of the individual custom manufacturer 
but ranges from 150 to 250 g. In general, with all 
other factors being equal, the higher the Bloom 
strength of the.gelatin used, the mare pxivsicaJlv 
stable is the resulting capsule shell The cost of 
gelatin is directly proportional to its Bloom or gel 
strength and thus is an important factor in the 
cost of soft capsules. Consequently, the higher 
Bloom gelatins axe only used when necessary to 
improve the physical stability of a product or for 
large capsules (over 50 minims), which require 
greater structural strength during manufacture. 

Viscosity of gelatin, determined on a 6%% 
concentration of gelatin in water at €0°C, is a 
measure of the molecular chain length and de- 
termines the manufacturing characteristics of 
the gelatin film. The desired film characteristics 
are usually based on standard gelatin formula- 
tions, which allow production at a set sealing 
temperature and definite drying conditions, and 
produce a firm, non tacky, nonbrictle, pharma- 
ceutocally elegant product The viscosity for gel- 
atin can range from 25 to 45 millipoise, but the 
individual manufacturer sets a narrow range, 
e g,, 38 ± 2 millipoise, for a particular type of 
gelatin, to make use of a standard formulation 
and thus conform to standard production condi- 
tions. 

Low-viscosity (25. to 32 miDipoiseX high- 
Bloom (180 to 250 g) gelatins are used in con- 
junction with, the capsulation of hygroscopic 
vehicles or solids, and standard gelatin formulas 
can be modified so as to require up to 50% less 
water far satisfactory operation on the capsulat- 
ion machine. These modified formulas afford 
less opportunity for the hygroscopic fill materia 
to attract water from the shell and thereby im- 
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prove the ingredient and physical stability of the 
product/ 

Iron is always present in the raw gelatin and 
its concentration usually depends on the* iron 
content of the large quantities of water used in 
its manufacture. Gelatins used in- the manufac- 
ture of soft gelatin capsules should not contain 
more than 15 ppm of this element, because of its 
effect on Food, Drug, and Cosmetic (FD&C) cer- 
tified dyes and its possible color reactions with 
organic compounds. 

The pLasticizers used with gelatin in soft cap- 
sule manufacture are relatively few. Glycerin 
USP, Sorbitol USP, Pharmaceutical Grade Sorbi- 
tol Special, and combinations of these are the 
most prevalent. The ratio by weight of dry plasti- 
cizer to dry gelatin determines the ,c hardness M of 
die gelatin shell, assuming that there is no effect 
from the capsulated material (Some examples 
of glycerin/gelatin ratios are shown in Table 13-2 
along with their typical usage.) The ratio by 
weight of water to dry gelatin can vary from 0.7 
to 1.3 (water) to 1.0 (dry gelatin) depending on 
*e viscosity of the gelatin being used. For most 
formulations, however, it is approximately 1 to 
1. Since only water is lost during the capsule 
drying process, the percentage of r5astici2er and 
gelatin in the shell is increased, but the impor- 
tant plasticizer to gelatin ratio remains un- 
changed. 

In general, the additional components of the 
gelatin mass are limited in their use by (1) the 



Table 13-2. Typical Shell "Hardness" Ratios 
and Their Uses 



t 



Ratio ' 
Dry Glycerin/ 
Hardness Dry Gelatin 



VsOQt 



Hard o.4/l . Oral, oil-based, or 

shell-softening pro- 
ducts and chose des- 
tined priroattty for 
hot, humid areas. 

Medium 0.6/1 Oral, tube, vagmai oil-based, 
water-miscible-hafied, 
or shell-hardening pro- 
ducts and these destined 
primarily for temperate 
areas. 

Soft 0.8/1 Tube, vaginal, water- 

nnsdble-based or shefl- 
haxdenzng producis and 
chose destined primarily 
for cold, dry areas. 
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bw^ nCS iS Uired t0 ^ uce d^Sred effect; 
^ their effect on capsule manufacture; and (3) 
conomic factors. Examples of ingredients jfeH- 

J e two categories are shewn in 
LTable 13-3. 

H» addition ^medicaments to the gelatin 
^mass usually is not recommended, for economic 
— rans, since only 50% of thegelarjn mass is 
^orated into the capsules. This results in a 
W loss of die added medicament However, 
highly active, relatively inexpensive 
„\ l V 8Uch b^^^aine (3 mgfcapsule 
lell) in chewable cough capsules may be used 
Iccessrully, 

?f^ji. Add j tionai comin ^te relative to the co/or of 
^.^e gelatin shell are m order, since color is such 
I; important aspect of all products. This is par- 
& ^ularly true of soft gelatin capsules, in which 
I 3™ color of the capsule can be definitely affected 
fc^*!7 the color 0r type of material capsulated. As a 
& "pneral policy, the color of the capsule shell 
^hould never be lighter in hue than the capsu- 
^j^Jated material. 

r^ More specifically, darker colors are more ap- 
§ ^ropriate for large-size (14 to 20 minim oblong) 
^l^^fcal products, since they will not accentuate the 

w : 13-3 * Addit!ioma l Components of the Gela- 
-.trrc Mass 



Ingredient 



Concentration Purpose 



Category / 
j^Methylparaben, 
^,'4 parts; PropyJ- 
' Ite^ben, 1 part 

tnTO&C and D&C 
l^fft^ater-soluble dyes, 
$r certified lakes, 
\<pigmems, and vege- 
Jj^faWe colors » akme 
gr, orin combination 

J^TOtanium dioxide 

|^;?thy! vanillin 

Sr. y 

" \ Essential oils 



Category U 

5. S^gar (sucrose) 



02% 



Preservative 



Colorants 



0.2 to 1.2% Opaoiner 



gfcFumaiie acid 



ro2% 



to 5% 



to 1% 



Flavoring rbr 
odor and taste 

Flavoring far 
odor and taste 



To produce chew- 
able shell and 
taaoe 

Aids sohxhillty; 
reduces aldehydlc 
tanning of gelatin 



Abo, before a color is chosen, mixture 
should be checked in the laboratory by addition 
of water to ascertain if reactions take place to 
cause the mixture to darken, as in the case of 
ascorbic acid and iron salts in vitamin and min- 
eral formulations, or as in the case of reactions 
between iron and compounds of a phenolic na- 
ture. Since iron is present in gelatin, dark spots 
may occur in the shell owing to the migration^ of 
water-soluble iron-sensitive ingredients from 
the fill material into the shell. As a rule, clear 
colors usually are employed with clear type fill 
materials, and opaque colors are used with sus- 
pensions, but the reverse of this rule can be cho- 
sen to achieve a particular appearance or for in- 
gredient stability purposes. For special effects or 
identification purposes, two colors, both opamie 
or one opaque and one clear, may be chosen 
since the manufacturing process involves two 
gelatin films. 

A publication by Horn and co-workers de- 
scribes a gelatin disk method for the de^exznina- 
aon of the effects of agitation, temperature, dis- 
solution medium, and shell composition on the 
dissolution rate of soft gelatin capsules 3 This 
information should be helpful in the formulation 
of gelatin capsules for various purposes. 

FYom the foregoing discussion on the gelatin 
shell, one may conclude that the pharmaceutical 
chemist must rely heavily on the experience of 
the custom capsule manufacturer. However, in 
order to choose the proper gelatin, gelatin for- 
mula, and color, the custom manufacturer must 
rely on the technical and product information 
designed and developed by the pharmaceutical 
chemist. With such mutual cooperation and free 
exchange of information, new products or dos- 
age forms can be efficiently developed. 

Hie Nature of the Capsule 
Content 

Soft gelatin capsules can be used to dispense a 
variety of liquids and solids. Requirements and 
specifications of these materials vary, depending 
on the equipment of the *manufecturer, but 
there are basic precepts that may be used as a 
guide for the formulation and production of 
commercially and therapeutically acceptable 
capsules, regardless of method of capsulation. 
The formulation of the capsule content for each 
product is individuaHY developed to fulfill the 
specifications and end-use requirements of the 
product. 

Except for the Acoogel process, which is pri- 
marily concerned with the capsulation of dry 
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powders, the content of a soft gelatin capsule is a 
liquid, or a combination of miscible liquids, a 
solution of a solid(s) in a liquid(s), or a suspen- 
sion of a solid(s) in a liquid(s). AB such materials 
for capsulation are formulated co produce the 
smallest possible capsule consistent with maxi- 
mum ingredient and physical stability, thera- 
peutic effectiveness, and production efficiency. 
Once the smallest capsule size is determined, 
personnel in the sales or marketing departments 
usually choose the color, shape, and ultimate 
size of the retail product, unless there is a tech- 
nical or production reason for the development 
chemist co specify a particular size, shape, and 
color. The maximum capsule size and shape for 
convenient oral use in humans is the 20 minim 
oblong r the 1 6 minim oval, or the B minim round 
as shown in Figure 13-26. 

Liquids are an essential part of the capsule 
content Only those liquids that are both watery 
miscible and volatile cannot be included as 
major constituents of the capsule content since 
they can migrate into the hydixjphilic gelatin 
shell and volatilize from its surface. Water, ethyl 
alcohol, and, of course, emulsions mil Into this 
category. Suniiatly, gelatin plasticizers such as 
glycerin and propylene glycol cannot be major 
constituents of the capsule content, owing to 
their softening effect on the gelatin shell, which 
thereby makes the capsule more susceptible to 
Che effects of heat and humidity, As minor con- 
stituents (up to about 5% of the capsule con- 
cern), water and alcohol can be used as cosol- 
vents to aid in the preparation of solutions fox 
capsulation. Also, up to 10% glycerin and/or pro- 
pylene glycol can be used as cosal vents with pol- 
yethylene glycol or other liquids that have a 
shell-hardening effect when capsulated alone. 

There are a large number of liquids that do not 
fall into the foregoing category and thus can 
function as active ingredients, solvents, ox 
vehicles for suspension-type formulations. 
These liquids include aromatic and aliphatic 
hydrocarbons, chlorinated hydrocarbons, and 
high-moleculax-weight alcohols, esters, and or- 
ganic acids. Many of these are used in veteri- 
nary, cosmetic, and industrial products. For 
human use, however, the pharmaceutical chem- 
ist is often limited in his selection or use of a 
particular liquid because of government regula- 
tions, product performance specifications, ingre- 
dient ^compatibilities, and M quid- solid adsorp- 
tion characteristics. The most widely used 
liquids for human use are oily active ingredients 
(clofibrate), vegetable oils (soybean oil), mineral 
oil, nonionic surface active agents (polysorbace 
80X and polyethylene glycols (400 and 600), ei- 
ther alone or in combination. Such active ingre- 



dient oils as fish oil may also function as a sol- 
vent, or as the suspending medium for one or 
more additional active ingredients, as in vitamin 
capsules. 

All liquids, solutions, and suspensions for cap- 
sulation should be homogeneous and air-free 
(vide infra), and preferably should flow by grav- 
ity at room temperature, but not at a tempera- 
ture exceeding 35°C at the point of capsulation, 
since the sealing temperature of the gelatin 
films is usually in the range of 37 to 40°C. In 
general, liquids ranging in viscosity from ethyl 
ether (0.222 cp at 25°C) & to heavy adhesive mix- 
tures (exceeding 3000 cp at 25°C) may be en- 
capsulated, but there are some exceptions since 
the property of viscosity alone is not the sole cri- 
terion. Liquids that exhibit the rheologic prop- 
erty of tack or tackiness, such as glycerin 
(954 cp at 25°C), ft are exceptions, since such liq- 
uids can eventually cause the binding of shde 
valves and pumps in the capsule filling mecha- 
nism. Also, preparations for encapsulation 
should have a pH between 2.5 and 7,5, since 
preparations that are more acidic can cause hy- 
drolysis and leakage of the gelatin shell, and 
preparations that are more alkaline can tan the- 
gelatin and thus affect the solubility of the shell. 

The capsulation of water-immiscible liquids is " 
the simplest form of soft gelatin capsulation and 
usually requires little or no formulation. The 
minimum size capsule depends on the dosage 
desired, the minimum fill volume being calcu- 
lated from the specific gravity of the liquid. A die 
size and shape may then be chosen from those 
shown in Figure 13-26. The nearest die size 
above the calculated fiU volume may be used, or 
any larger die may be chosen if the active ingre- 
dient is to be diluted for some reason. For exam- 
ple, a 25,000-unit vitamin A capsule using vita- 
min A palmitate (1,000,000 unics A/g) as a 
source for the vitamin A would have a niinimum 
fin volume of about 0.45 minims, and thus could 
be diluted to any size capsule desired. On the 
other hand, the same potency capsule using fish 
oil (50,000 units A/g) as a source for the vitamin 
A would have a minimum fill volume of about 
8.8 minims. 

The minimum fill volume far water-miscible, 
nonvolatile liquids, such as polysoxbate 80, is 
determined in the same manner. Because of 
their hygroscopic nature, however, they cause 
water to migrate from the gelatin shell into the 
fill material. This migration is rapid and could 
amount to 20% of the weight of the miscible liq- 
uid. During the drying period of the capsule, 
most of this water returns to and passes through 
the gelatin shell, but up to 7.5% of the original 
water can remain in the fill material, depending 
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the hydrophilic properties of the liquid. Th us, 
. liquids of this type, a safety factor must be 
used in establishing the minimum fill volume 
and in choosing the die.° 

Although oily liquids do not retain moisture, 
water does pass from the shell of the capsule 
into the fill material and out again during the 
manufacture and drying of these capsules. This 
is important for the formulator to remember 
since such water transfer can and does have a 
bearing on formulations in which oily liquids are 
used as solvents or as vehicles for suspensions. 
If such suspensions contain hydrophilic solids 
. water may be retained up to 3% by weight of the 
hydrophilic material. 

Combinations of miscdble liquids often are 
used to produce desired physiological results 
such as increased or more rapid absorption of 
active ingredient (vitamin A and pclysorbaie 
80); or to produce desired physiochemical re- 
sults, such as improved flow properties (dilution 
or partial substitution with a thinner liquid) or 
improved solubility (steroid with oil and benzyl 
alcohol). 

Except for when the Aceogel process is used, 
solids are filled into soft gelatin capsules, in the 
form of either a solution or a suspension. The 
preparation of a suitable solution of a solid me- 
dicament should be the first goal of the pharma- 
ceutical chemist. Usually, a solution is more 
easily capsulated and exhibits better uniformity, 
stability, and biopharmaceutical properties than 
, does a suspension. For oral products, the medic- 
ament must have sufficient solubility in the sol- 
vent system so that the necessary dose is con- 
tained in a maximum fill volume of 16 to 20 
ftanims (1 to 1.25 cc). 

v Solids that are not sufficiently soluble in liq- 
uids or in combinations of liquids are capsulated 
• *J suspensions. Most organic and inorganic sol- 
ids or compounds may be capsulated. Such ma- 
terials should be 80 mesh or finer' in particle 
Size, owing to certain close tolerances of the cap- 
sulation equipment and for maximum homoge- 
neity of the suspension. Many compounds can- 
not be capsulated. owing to their solubility in 
water and thus their ability to afiect the gelatin 
|hea, unless they are minor constituents of a 
formula or are combined with a type of carrier 

^"or example, a capsule to contain 500 nig of PoJysoibare 
R «wHd have a calculated (^5g * 16.i& miium \ 
An t V l-OBg / 

volume of about 7.5 minims. Assuming, how- 
era that there is 5% residual water in the dry 
capsule, the final fill volume would be abogc fi minims 

K08g r 
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(liquid ! or solid) that reduces their effect on the 
shell. Examples of such solids are strong acids 
ySrfy 5 f ron S alkalies (sodium Baits of weak 
acids) salts of strong acids and bases (sodium 
chloride, choline chloride), and ammonium 
salts. Also, any substance that is unstable in the 
presence of moisture (e.g., aspirin) would not 
exhibit saosfectpry chemical stability in soft gel- 
atin capsules. 

The capsulation of suspensions is the basis for 
the existence of a large group of products. Again, 
the design of suspension type formulations and 
the choice of the suspending medium are di- 
rected toward producing the smallest size cap- 
sule having the characteristics previously de- 
scribed, i.e., maximum production capacity 
consistent with maximum physical and ingredi- 
ent stability and therapeutic efficacy. 

The formulation of suspensions for capsula- 
tion follows the basic concepts of suspension 
technology. Formulation techniques, however, 
can vary depending on the drug substance, the 
desired flow characteristics, the physical or in- 
gredient stability problems, or the biophar- 
maceutical properties desired. In most in- 
stances, these techniques must be developed 
through the ingenuity of the formulating chem- 
ist; however, in the formulation of suspensions 
forsoft gelatin encapsulation, certain basic in- 
formation must developed to determine mini- 
mum capsule site. 

One laboratory tool for this purpose is known 
as the "base adsorption" of the sofcd(s) to be sus- 
pended. Base adsorption is expressed as the 
number of grams of liquid base required to pro- 
duce a capsulatable mixture when mixed with 
one gram of solid(s). The base adsorption of a 
solid is influenced by such factors as the sohd'5 
particle size and shape, its physical state (fi- 
brous, amorphous, or crystalline), its density, its 
moisture concent, and its oleophilic or hydro- 
philic nature. 

In the determination of base adsorption, the 
solid(s) must be completely wetted by the Hquid 
base. For glycol and nonionic type bases, the 
addition of a wetting agent is seldom required, 
.but for vegetable oil bases: complete wetting of 
the solid(s) is not achieved without an additive. 
Soy lecithin, at a concentration of 2 to 3% by 
weight of the oil, serves excellently for this pur- 
pose, and being a natural product, is universally 
accepted for food and drug use. Increasing the 
concentration above 3% appears 00 have no 
added advantage. 

A practical procedure for determining base 
adsorption and forjudging the adequate fluidity 
of a mixture is as follows. Weigh a definite 
amount (40 g is convenient) of the solid into a 
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]50-ml tared beaker. In a separate 150-ml taxed 
beaker, place about 100 g of the liquid base. Add 
small increments of the base to the solid, and 
using a spatula, stir the base into the solid after 
each addition until die solid is thoroughly wet- 
ted and uniformly coated with the base. This 
should produce a mixture that has a soft oint- 
ment-like consistency. Continue to add liquid 
arid stir until the mixture flows steadily from the 
spatula blade when held at a 45-degree angle 
above the mixture. The flow is even and contin- 
uous, and not in "globs." Attention also should 
be given to the nature of the "cut-off" quality of 
the mixture. As the mixture tends to stop flow- 
ing, proper cut-off is exhibited when the stream 
contracts rapidly upward toward the spatula 
blade rather than "stringing out" in intermediate 
flow. 

Ac the conclusion of the foregoing test, the 
base adsorption is obtained by means of the fol- 
lowing formula; 

agas 

The base adsorption mixture is milled or ho- 
mogenized! and deaerated (a desiccator under 
vacuum is suitable), and the specific gravity is 
taken. The specific gravity is the weight of mix- 
cure (W) per cubic centimeter or per 16.23 min- 
ims (V). As in the case of liquids and solutions, 
the specific gravity may be used to determine 
the die size required for a given quantity of the 
particular mixture. 

The base adsorption is used to determine the 
"minim per gram" factor (M/g) of the solidKs). 
The minim per gram factor is the volume in 
minims that is occupied by one gram (S) of the 
solid plus the weight of liquid base (BA) required 
to make a cspsulatable mixture. The minim per 
gram factor is calculated by dividing the weight 
of base plus the gram of solid (BA + s) by the 
weight of mixture (W) per cubic centimeter or 
J 6-23 minima (V). A convenient formula is: 



(BA + S) x V 



W 



M/g 



Urus, the lower the base adsorption of the 
sohd(9) and the higher the density of the mix- 
ture, the smaller the capsule will be. This also 
indicates the importance of establishing specifi- 
cations for the control of those physical proper- 
ties of a soHd mentioned previously that can af- 
fect its base adsorption. 

The BA and Wg data, need not be obtained on 
any material that is to be capsulated alone at 
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concentrations of 50 mg or less, since the small- 
est capsules can accommodate such quantities. 
If such material is to be used in combination, 
however, the data become necessary to allow for 
its inclusion in the formulation. The conven- 
ience of using M/g factors is particularly evident 
in the vitamin field, where there may. be many 
ingredients and numerous combinations. Since 
the minim per gram factors are additive, they 
can be used for a more rapid calculation of cap- 
sule si2e than can be given by the preparation of 
the many possible mixtures in the laboratory. 
See Table 13-4 for BA and M/g data on some typ- 
ical solids. 

The final formulation of a suspension invaria- 
bly requires a suspending agent to prevent the 
settling of the solids and to maintain homogene- 
ity prior eo, during, and after capsulation. The 
nature and concentration, of the suspending 
agent vary, depending on the job to be done. 
Also, a rasher delicate balance must be achieved 
between the requirement for a stable suspension 
and the requirement for the mixture to have the 
proper flow characteristics. There is evidence, 
too, that the proper suspending agent coats the 
suspended solids, imparting a certain lubricity 
to them and thereby aiding capsulation. Also, 
the coating can prevent contact with possible 
incompatible components in the mixture. Of the 
examples shown in Table 13-5, the most widely 
used suspending agent for oily bases is wax mix* 
aire, and in nonauy bases, the polyethylene gly- 
cols 4000 and 6000. 

In all instances, the suspending agent used is 
melted in a suitable portion of the liquid base, 
and the hot melt is added slowly, with stirring, 
into the bulk portion bf the base, which has been 
preheated to 40°C prior to the addition of any 
solids. The solids are then added, one by one, 
with sufficient mixing between adcHtions to en- 
sure complete wetting. Incompatible solids are 
added as far apart as possible in the mixing order 
to prevent interaction prior to complete wetting 
by the base. 

Additional aids to formulation involve the 
physical and ingredient scablnty of ths capsules. 
There should be little concern with oxidation or 
the effects of light as a cause of ingredient insta- 
bility, since the gelatin shell is an excellent oxy- 
gen barrier and may be opacified. 10 ' 11 

Most ingredient stability problems axe associ- 
ated with ore available moisture from the gelatin 
shell, which when absorbed into the capsule 
content, can cause areas of high concentration 
of water-soluble solids, leading to ionization and 
interaction of the solids. Such problems may bs 
alleviated or eliminated by employing a less sol- 
uble salt (procaine penicillin instead of potas* 
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Table 13-4. BA and M/g Factors of Some Typical Solids 
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Base" 


BA 


MJg 




Acetaminophen 


Veg. oil 


0.76 


25.97 




Acetaminophen 


PEG 400 


0.75 


2307 




Ascorbic add 


Veg. oil 


0.60 


20.60 




Ascorbic add 


Polysorbafe 80 


1.10 


26.92 




M(OH),~MgC03(FMA 11) 


Veg. oil 


1.90 


41.30 




AKOH)*-MgC03<FMA 11) 


PEG 400 


1M 


42.10 


( 


Danthron 


Veg. oil 


1.30 


33.75 




Danthron 


Glyceryl monooleate 


1,39 


33.94 




Danthion 


Borysorbate 00 


IM 


31.28 


s 


Danthron 


PEG 400 


1.60 


33.62 




Danthron 


Iriacetin 


1.63 


36,02 


Ephedrlne SO* 


Veg. oil 


UO 


36.60 




Ferrous SO, exsiccated 


Veg. oil 


0.30 


10-60 




ferrous SO4 exsiccated 


PolysarbatE 80 


0.47 


12.90 




Guaifenesin 


Veg. 041 


1.28 


34.68 




Lactose 


Veg. oil 


0.75 


23.B7 


M 




Veg. oil 


O.80 


25.70 


- Menhenesin 


Veg. oil 


2*50 


57.38 




Mephenesiij 


PEG .400 


2.13 


44.77 




Mepxohamate 


Veg. oil 


149 


42.55 




Meprobamate 


PEG 400 


1.30 


32.52 




Niacinamide 


Veg. oil 


Q-SQ 


25.63 




Neomycin sulfate 


Veg. oil 


0-60 


20.66 




Phenobarhical 


Veg. ail 
'Veg. oil 


140 


33.60 




Procaine penicillin G 


0.91 


28.63 




Sodium ascorbaie 


Veg. oil 


0.76 


22.40 




SaHcylamlde 


Veg. oil 


0.80 


25.80 




Sutfaihiaxcte 


Veg. ail 


0.43 


17.90 




Sulfanilamide 


Veg. Oil 


1.03 


28.55 




Tenacydme (amphoteric.) 


Veg. oil 


0.61 


21.63 



'Vegetable oti oases contain 3% soy lirlrhln 

sium), employing coatings (gelatin-coated B12). 
adjusting pH with appropriate small quantities 
of citric, lactic, or tartaric acids or with less re- 
strictive quantities of sodium ascorbase or mag- 
nesium oxide, or salon g-out with appropriate 
small quantities of sodium chloride or sodium 
acetate. 

Table J 3-5- Typicol Suspending Agents 



Usually, the physical stability of a product is 
associated primarily with the type of gelatin and 
gelatin formulation used but can be aided by 
proper fiH formulation. If a particular solid may 
have a deleterious action on the gelatin shell, 
the farm of the solid that is least water-soluble 
and the most oleophilic would be the farm of 



Concentration 
of Oily Base (96) 



Type 



Concentration 
of Sanoiiy Base (%) 



While wax, NF 

Paraffin vtax, NF 
Animal ateagatgs 
Wax mixture" 
AJymlnum 
Ethocel (100 cps)t 



NFT 



5 
1-6 
10 and 30 
3-5 
5-10 



Polyethylene glycol 4000 

and 6000 
Solid nonlonics 
Solid glycol esters 
Acetyiated monogtycetides 



1-15 

10 
10 
5 



* I pitf hydrogoiatcd soybean oil: 1 put ytBow wax, NF; 4 parts *egpfcjbla shortantog (melting potel 33 w 38*C): used at 10% 00 (he 
adsorption oil and at 30% on any flUcr ail inquired, 
t Used with volatile Oftgatfc Kqitfda such at butyl c&lozfcle; totuaue; tctnddarethykne; benzene. 
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choice for an oil-based suspension. An example 
would be the use of calcium salicylate rather 
than the sodium or magnesium salts. Also, the 
type of liquid base used can have an effect on 
physical stability. For example, the proteolytic 
effect of chloral hydrate on the gelatin she! is 
greatly reduced when a polyethylene glycol base 
is used in place of an oily base. 

With the proper selection of materials and for- 
mulation techniques, the pharmaceutical chem- 
ist can prepare solutions or suspensions for com- 
parisons of stability and dissolution rate with 
formulations of other solid dosage forms. By ac- 
curately filling two-piece gelatin capsules with 
such formulations, comparative absorption, uri- 
nary excretion, and metabolic studies can be 
made prior to the actual preparation of the soft 
gelatin capsule dosage* form. Today the product 
development laboratory must evaluate all poten- 
tial for m ulati o ns for a new drug substance or for 
product improvement. 

Capsuafe M^iiif&ctoe, 

Processing, smd Control 

Although this aspect of soft gelatin capsules is 
the primary responsibility of the custom manu- 
facturer, die pharmaceutical chemist should 
have an understanding of the materials and 
equipment involved in the capsule's manufac- 
ture, processing, and quality control. The sev- 
eral methods of capsulation referred to in the 
early part of this chapter, although differing 
somewhat in mechanical principles, do require 
the use of similar materials, processing steps, 
and equipment, and the use of equivalent con- 
trol procedures. 

Except for the gelatin preparation depart- 
ment, the manufacturing areas of a typical plant 
are air-conditioned to assure the proper condi- 
tioning of the gelatin films, the proper drying of 
the capsules, and die consistent low moisture 
content of raw materials and mixtures. The tem- 
perature is usually in the range of 20 Co 22°C, 
and the humidity is controlled to a maj^mum of 
40% zn the operating areas and a range of 20 to 
30% in the drying areas. 

In the gelatin preparation department of a typ- 
ical manufacturer, the gelatin is weighed on 
printomatic scales and mixed with the accu- 
rately metered (printomatic) and chilled (7°C) 
liquid constituents in suitable equipment, such 
as a Pony Mixer. The resultant fluffy mass is 
transferred to melting tanks and melted under 
vacuum (29.5" Hg) at 93*C. The mixing process 
requires about 25 mln for 270 kg of mass, and 
the melting procedure requires about '3 hours. A 



sample of the resulting fluid mass is visually 
compared with a color standard, and additional 
colorants are blended inco the mass tf adjust- 
ments are required. The mass is then main- 
tained at a temperature of 57 to 60°C before and 
during the capsulation process. 

The materials preparation department will 
have a weigh-off and mixing area containing the 
necessary equipment and facilities for the prep- 
aration of the variety of mixtures that may be 
capsulated. Typical equipment would include 
printomatic scales for exacting measurements 
and control records; stainless-steel jacketed 
tanks for handling from 10- to 450-gallon 
batches of mix; and mixers, such as the Cowles, 
for the initial blending of solids with the liquid 
base. After the initial blending is completed, the 
mixture is put through a milling or homogeniz- 
ing process, using equipment $uch as the 
homoloid mill, stone mill, hopper mill, or the 
Urschel ComitzoL The purpdse of the milling 
operation is not to reduce particle size, but to 
break up agglomerates of solids and to make cer- 
tain, that aa solids are "wet" with the liquid car- 
rier, so as- to achieve a smooth and homogenous' * 
mixture. 

Following the milling operation, afl mixtures 
are subjected to (^aeration, and particularly so if 
the capsulation machine is equipped with a pos- 
itive displacement pump. Deaeration is neces- 
sary to achieve uniform capsule fill weights; it 
also protects against loss of potency through oxi- 
dation prior to and during capsulation. When 
small amounts of volatile ingredients are in- 
cluded in a formulation, they are carefully added 
and blended into the bulk mixture after deaera- 
tion. Most liquids and suspensions may be de- 
aerated by means of equipment designed to ex- 
pose thin layers of the material continuously to a 
vacuum (29.5" Hg) and at the same time trans- 
fer the material from the mixing tank to the con- 
tainer that will be used at the capsulation ma- 
chine. Suspensions or liquid mixtures- 
containing volatile liquids or liquid surface ac- 
tive agents as chief constituents of the formula 
may be deaerated by subjection to temperatures 
up to 60°C for the period required to achieve the 
results desired. After deaera&on, the mixture is 
ready to be capsulated. 

At this point, samples of the mixture are often 
sent to the quality control laboratory for various 
tests, such as ingredient assays and specific 
gravity, and tests for homogeneity of suspen- 
sion, moisture content, or air entrapment. This 
in-process quality control step may or may not 
be routine, depending on the product or antici- 
pated problems, but should always occur with 
new products until the process is validated. 
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Owing to space limitations, a detailed descrip- 
tion of each capsulation process is not possible. 
A schematic drawing of the rotary die process is 
presented, however, to acquaint the pharmaceu- 
tical chemist with die fundamental aspects of 
capsulation (Fig, 13-27). Hie gelatin mass is fed 
by gravity to a metering device (spreader box), 
which controls the flow of the mass onto air- 
cooled (13 to 14°C) rotating drums. Gelatin rib- 
bons of con tolled (± 1 0%) thickness are formed. 
The wet shell thickness may vary from 0.022 to 
0-045 inch, but for most capsules, it is between 
0.025 and 0.O32 inch. Thicker shells are used on 
products requiring greaser structural strength. 
Produce cost is directly proportional to shell 
thickness. The ribbons are fed through a min- 
eral oil lubricating bath, over guide rolls, and 
then down between the wedge and the die rolls. 

The material to be capsulated flows by gravity 
into a positive displacement pump. The pump 
accurately meters the material through the leads 
and wedge and into the gelatin ribbons between 
the die rolls. The bottom of the wedge contains 
small orifices lined up with the die pockets of 
the die rolls. The capsule is about half sealed 
when the pressure of the pumped material 
forces the gelatin into die die pockets, where the 
capsules are simultaneously filled, shaped, her- 
metically -sealed, and cut fiom the gelatin rib- 
bon. The sealing of the capsule is achieved by 




%' ft<»* 13-27. Schematic drawing of fntasy die process. 
* - (Courtesy of Schsrer Corporation, Troy, Ml) 
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mechanical pressure on the die rolls and the 
heating (37 to 40*C) of the ribbons by the wedge. 

During manufacture, capsule samples are 
taken periodically for seal thickness and fill 
weight checks. The seals are measured under a 
microscope, and changes in ribbon thickness, 
heat, or die pressure are made if necessary. Ac- 
ceptable seal thickness is one half to two thirds 
of the ribbon thickness. FiH weight checks are 
made by weighing the whole fresh capsule, slit- 
ting it open, and expressing the contents. The 
shell is then washed in a suitable solvent (petro- 
leum ether), and the empty shell is reweighed. If 
necessary, adjustments m the pump stroke can 
be made to obtain the proper fill weight. 

Immediately after manufacture, the capsules 
are automatically conveyed through a naphtha 
wash unit to remove the mineral oil lubricant. 
The washed capsules may be automatically sub- 
jected to a preliminary infrared drying step, 
which removes 60 to 70% of the water that is to 
be lost, or may be manually spread d&rectiy on 
trays. Capsules from the infrared dryer are also 
spread on trays, and all capsules are allowed to 
come to equilibrium with forced air conditions of 

20 to 30% relative humidity at 21 to 24^C. 
Capsules at equilibsum with 20 to 30% RH at 

21 to 24 fl C are considered "dry," and the shell of 
such a capsule contains 6 to 10% water, depend- 
ing on the gelatin formula used. The moisture 
content of the shell is determined by the toluene 
disftllafion method) collecting the distillate over 
a period of one hour. Additional water may ba 
removed from "dry" capsules by further beaung, 
e.g H at 40*C, but such a manufacturing step has 
not been found to be practical or necessary. 

After drying, the capsules are transferred to 
the inspection department and held until re^ - 
leased by the quality conirol department The 
inspection and quality control steps in the proc- 
essing of capsules are much the same as with 
other dosage forms and must conform to good 
manufacturing practice. Control rests specifi- 
cally applicable to the quality of soft gelatin cap- 
sules may involve seal thickness determina- 
tions, total or shell moisture tests, capsule 
fog&ty or rupture tests, and the deteamnaaon 
of freezing and high temperature effects. 

Also, capsules may be sent after drying to a 
finishing department for heat branding or ink 
printing for purposes of identification. 

Final physical control processing and packag- 
ing may be accomplished by the following m- 
toe continuous operations. 

1. A capsule diameter sorter allows to pass to 
the next unit any capsule within 60,020 inch-of 
the theoretic diameter of the particular capsule 
being tested. Overfills, underfills, and ^foreign" 
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